Introduction
Freshwater aquatic systems are arguably the most impacted ecosystems on Earth since the heavy reliance of human societies on freshwater has concentrated human activities at these resources (Ricciardi and Rasmussen 1999; Bronmark and Hansson 2002; Dudgeon et al. 2006) . This is currently most evident in tropical developing countries, where most global biodiversity resides and where rapidly expanding human populations and increasing exploration of natural resources can exert great pressures on these ecosystems (Farley and Daly 2004; Agostinho et al. 2005; Schindler 2007 ). Although considerable effort has been devoted to understand the effects of anthropogenic impacts on freshwater systems, most of these initiatives have been conducted in temperate regions (Jeppesen et al. 2005) and/or deal with such impacts individually (but see Schindler et al. 1996; Schindler 2001; Christensen et al. 2006) . Anthropogenic perturbations usually do not operate independently but rather interact with environmental factors to produce combined impacts (Breitburg et al. 1998; Vinebrooke et al. 2004) . Multiple anthropogenic stressors, such as eutrophication, exotic species introduction, impoundments, watershed development, siltation, and salinization as well as dynamic environmental drivers such as hydrological regimes and episodic disturbances, may combine and fundamentally alter freshwater ecosystems. This is not only the case in populated areas but also in relatively pristine regions (Carpenter et al. 1998; Hall et al. 1999; Schindler and Scheuerell 2002) . Therefore, understanding whether and how multiple anthropogenic stressors interact with each other and with environmental variability is a key step in evaluating the consequences of human impacts on the functioning of freshwater ecosystems (Heugens et al. 2001) .
ARTICLE IN PRESS
Floodplain lakes and coastal lagoons are examples of Neotropical ecosystems experiencing unknown interactions between chronic anthropogenic stressors and environmental variability (Junk 1999; Esteves et al. 2008) . Amazonian floodplain lakes have been subjected to increased human intervention, such as changes in hydrological regimes due to impoundments of tributary rivers, and siltation due to mining activities and/or deforestationmediated watershed erosion. The flood pulse, based on predictable filling up and drawdown periods, is the main structural ecological force in such systems (Junk 1999) . Such natural water level fluctuations exert a strong influence on land-water coupling and affect energy subsidies between terrestrial and aquatic environments, distributing nutrients and dispersing organisms over local and regional scales and thereby modifying temporal and spatial population dynamics and ecosystem-and landscape-level processes (Bozelli 1994; Junk 1999; Carneiro et al. 2003; Farjalla et al. 2006; Thomaz et al. 2007 ). Coastal lagoons are shallow systems that can be permanently or intermittently closed off from the adjacent ocean. Due to their location along densely populated continental shorelines, coastal lagoons have been altered by habitat degradation, embankments, and increasing eutrophication, and they are among the most human-dominated and threatened ecosystems on Earth (Berkes and Seixas 2005) . Among the multitude of problems facing coastal lagoons in the Neotropics (reviewed in Esteves et al. 2008) , artificial sandbar openings are considered to be a great disturbance for permanently closed off and naturally freshwater/ oligohaline systems. Abrupt variation in water depth and large increases in salt concentration have been shown to negatively affect freshwater biota (Suzuki et al. 2002) . Additionally, after an artificial sandbar opening, dramatic changes are usually observed in most of the biotic and abiotic components of coastal lagoons (Santangelo et al. 2007) .
Despite these notable influences of flood pulse and sandbar openings in Neotropical floodplain lakes and costal lagoons, there is little information regarding the interactions of such environmental drivers with anthropogenic impacts on these systems (but see Bozelli 1994; Carneiro et al. 2003) . In the present study, we used long-term monitoring data from an Amazonian floodplain lake and from a South Atlantic coastal lagoon to determine whether natural (flood pulse) and artificial (sandbar opening) environmental variability interacts with particular human impacts (bauxite tailing disposal and eutrophication) to alter important biotic and abiotic ecosystem variables in these systems. We hypothesize that environmental variability will modify the strength and direction of anthropogenic impacts on both systems.
Material and methods

Study areas
Batata Lake is located on the right bank of the Trombetas River (1125 0 S and 1135 0 S -56115 0 W and 56125 0 W) near the town of Porto Trombetas, City of Oriximin a, state of Par a, Northern Brazil. It is a typical Amazonian clear-water floodplain lake, under the direct influence of the Trombetas River (Sioli 1984) . Periods from April to June and from October to December are characterized as highwater and low-water periods, respectively. Batata Lake has a total area ranging from 18 to 30 km 2 during the low-water and highwater periods, respectively, with mean depths of 2.5 m (low water) and 10 m (high water; Panosso et al. 1995) . In the highwater period, the bordering forest (i.e., igapó) is flooded, resulting in a large input of allochthonous material. As is typical in Amazonian clear-water environments, Batata Lake water has a low electrical conductivity (11.2 and 12.0 mS cm À1 ) and is slightly acidic pH (5.4 and 6.9; Bozelli 1992; Esteves et al. 1994) . From 1979 to 1989, about 18 million m 3 of bauxite tailings composed of clay (grain sizeo49 mm), iron, aluminum oxides, and silicates were dumped directly into Batata Lake. This dumping deposited thick layers of tailings over the natural sediment, resulting in an impacted area close to 30% of the total lake area (Roland and Esteves 1998) . This impact altered the granulometric sediment composition (Callisto and Esteves 1996a) as well as the benthic Esteves 1996b), phytoplankton (de Melo and Huszar 2000) , and zooplankton communities (Bozelli 1992) and also some ecosystem processes such as the phytoplankton primary productivity (Roland et al. 1997 -Ferreira 1998) . Furthermore, the sandbar separating the lagoon from the ocean is frequently opened, aiming to alleviate eutrophication by draining the lagoon into the ocean and ostensibly allowing marine fish to enter the lagoon. Natural sandbar openings have not been documented during the last five decades and are unlikely to occur because of the high rates of deposition of sand from the ocean (Muehe D., personal communication). Therefore, environmental variability originating from man-made sandbar openings may no longer be considered to be a predictable natural disturbance for most of the current resident biota in the Imboassica lagoon (Figueiredo-Barros et al. 2006; Branco et al. 2007; Santangelo et al. 2007 ) as has been observed in other Neotropical coastal lagoons.
Sampling procedures, abiotic and biotic analysis
We performed specific temporal and spatial samplings of biotic and abiotic variables that, according to previous studies, are good descriptors of environmental fluctuations for both systems studied (Leal and Esteves 2000; Santangelo et al. 2007 ). In the Batata Lake system, TN, TP, turbidity, chlorophyll-a concentration (Chl-a), benthic invertebrates, and zooplankton were sampled twice a year (during both high-and low-water periods) on two stations (one located on the impacted area and another located on a control natural area) from June 1993 to December 2006, which generated a total of 56 samplings (14 years Â 2 flooding periods Â 2 sampling stations). At the Imboassica lagoon, twelve monthly samples of TN, TP, Chl-a, benthic invertebrates, and zooplankton were taken at four spatially separated stations on, before, and after two sandbar opening events (February 1993 and February 2001) . The sampling period around the first sandbar opening (March 1992-January 1994) was characterized as a lownutrient-concentration period (Branco et al. 2007) , while the sampling period around the second sandbar opening (March 2000 -February 2002 ) was characterized as a high-nutrientconcentration period in the Imboassica lagoon. For a given sampling month, lagoon's mean values were calculated for each response variable using the four sampling stations as replicates. Such a sampling design produced a total of 48 samples (24 months Â 2 sandbar openings).
TN and TP concentrations were determined by acid digestion and posterior distillation and titration according to Kjedhal method modified by Mackereth et al (1978) and by the molybdenum blue reaction after persulphate oxidation according to Golterman et al (1978) , respectively. Chl-a concentration was determined after extraction from GF/C filters with 90% ethanol (Nusch and Palme 1975) . Turbidity was determined through a turbidimeter/fluorimeter (Turner designs). Quantitative zooplankton sampling was performed using vertical hauls from near bottom to surface with 68-mm mesh plankton net. Samples were immediately fixed with 4% buffered formalin containing sucrose. In the laboratory, zooplankters were counted in at least three sub-samples in either a Sedgwick-Rafter chamber under a microscope or in open chambers under a stereoscope and identified to the lowest possible taxonomic unit. Quantitative samples of benthic invertebrates consisted of pooling three sediment sample replicates, collected with a 0.005-m 2 surface area plexiglass core sampler (Ambühl and Bührer 1975 ) into a single sample. Samples were immediately fixed with 15% formalin buffered with sodium tetraborate. In the laboratory, benthic invertebrate specimens were separated under a stereoscope and identified to the lowest possible taxonomic unit. Total densities of zooplankters and benthic invertebrates, as well as species richness (number of species in a sample), were determined from the sample counts.
Data analysis
We estimated the temporal variability for total zooplankton and benthic invertebrate densities through the population variability index (PV) proposed by Heath (2006) . We chose the PV index instead of standard statistical measures of variability, such as the coefficient of variation (CV), because PV is more robust to rare events, zero counts, and other ''non-Gaussian'' behaviors. Because PV quantifies variability as the average percent difference between all combinations of observed abundances, it provides a more reliable estimation of aggregate community variability than variation metrics calculated as deviation from an average abundance, since the average may not be static, nor actually reflect abundance at any point in the time series (Heath 2006) . Further details regarding the calculation of the PV index can be found in Heath (2006) .
To detect spatial and temporal interactive effects between environmental variability and anthropogenic impacts (i.e., hydrologic pulse vs. bauxite tailings in Batata Lake and sandbar openings vs. eutrophication in the Imboassica lagoon) on the studied ecosystem functions, we calculated specific effect sizes for each variable as the log response ratios between values before and after sandbar openings in each trophic state (low and high nutrients) in the Imboassica lagoon and between low-water and high-water levels for impacted and natural areas in Batata Lake. We used effect sizes as a statistical procedure to test our specific objectives because it allows us to test statistical significance (i.e., comparing means and 795% confidence intervals -CIs) and also because it gives the magnitude of the effects (Nakagawa and Cuthill 2007) . We used log response ratios as the effect size metric, the most widely used effect size, because it estimates proportional differences between treatments that can be readily compared, and because it has sampling properties that are known to be normal and that are robust to biases from small sample sizes (Hedges et al. 1999) . For the calculation of the log response ratio, we used values from after sandbar openings (for the Imboassica lagoon) and from low-water levels (for Batata Lake) as numerators. We calculated effect sizes using temporal means (i.e., integrated from before and after sandbar openings for each nutrient state in the Imboassica lagoon and from all low-water and high-water samples for impacted and natural areas in Batata Lake). To generate sampling distributions (i.e., variance; 795% CIs) around average effect sizes, which are necessary to infer statistical significance (Nakagawa and Cuthill 2007) , we used the Jackknife technique proposed by Meyer et al (1986) , where the variability in the data set is estimated by systematically deleting each observation and then recalculating the statistics. A significance level of a ¼ 0.05 was assumed in all statistical comparisons, and the 795% CI was calculated using nÀ1 degrees of freedom, where n was the number of sampled years for Batata Lake (n ¼ 14) and the number of sampled months before or after sandbar openings in the Imboassica lagoon (n ¼ 12). Table 1 shows the average values of abiotic and biotic variables considered for both studied areas. For both natural and impacted areas in Batata Lake, TP, and Chl-a concentrations, zooplankton and benthic invertebrate density and water column turbidity were higher in low-water periods. For both zooplankton and benthic invertebrate richness, however, higher values were found in highwater periods. In the Imboassica lagoon, TN and TP concentrations presented contrasting patterns during the two different trophic states (Figs. 1B, D) . After sandbar openings, TN concentration tended to decrease, while the opposite pattern was observed for TP concentration. Benthic invertebrate density and richness also presented similar responses after sandbar opening irrespective of the trophic state (Table 1, Fig. 2F ). Zooplankton richness and density increased slightly in the low-nutrient period, whereas a decrease was observed in the high-nutrient period.
Results
General characteristics
Effect sizes on abiotic variables
Flood pulse effect sizes for water column TN concentrations were the opposite in natural vs. impacted areas, where the effect size values were, on average, mean effect size (95% CI): À0.03 (À0.038 to À0.019) and 0.08 (0.07 to 0.09), respectively (Fig. 1A) . In the Imboassica lagoon, sandbar openings also had a significant effect on TN concentration, with the magnitude differing with trophic state. In general, sandbar openings led to a decrease in the TN concentration (Table 1) . The average effect size values were À0.07 (À0.078 to À0.06) and À0.44 (À0.46 to À0.43) in the highnutrient and low-nutrient periods, respectively (Fig. 1B) .
The effect size of flood pulse on TP concentration was quite similar for both natural and impacted areas with marginal statistical differences; average values were 0.25 (0.23-0.26) and 0.20 (0.19-0.21), respectively (Fig. 1C) . In the Imboassica lagoon, however, sandbar openings affected TP concentration in an interactive way. Sandbar opening effect sizes were positive for both trophic states but were greater in the high-nutrient period (Fig. 1D) . Average values were 0.07 (0.05-0.08) and 0.24 (0.21-0.27) in the high-and low-nutrient periods, respectively (Fig. 1D) .
The flood pulse had a significant effect on water column turbidity, but the intensity of the effect was variable regarding the condition of the area, highlighting its interactive effect with the bauxite tailing disposal (Fig. 1G) . Flood pulse effect sizes on turbidity were on average 0.39 (0.38-0.41) and 1.04 (1.01-1.06) in the natural and impacted areas, respectively, and these results are considered to be statistically different.
Effect sizes on biotic variables
Both natural and impacted areas in Batata Lake presented similar responses to the flood pulse regarding pelagic Chl-a concentrations. Flood pulse effect sizes were, on average, 0.34 (0.32-0.35) and 0.29 (0.27-0.31) for natural and impacted areas, respectively, and statistical differences were found between these two values (Fig. 1E) . In the Imboassica lagoon, sandbar openings interactively affected Chl-a concentrations, with different effects regarding trophic state, the average values being À0.55 (À0.58 to À0.52) and 0.19 (0.17-0.20) in the high-and low-nutrient periods, respectively (Fig. 1F) .
Zooplankton richness was lower in the low-water period in Batata Lake, but the differences were greater in the impacted area than in the natural area ( Fig. 2A) . Average effect sizes were À0.081 (À0.089 to À0.073) and À0.169 (À0.179 to À0.160) for the natural and impacted areas, respectively. In the Imboassica lagoon, the effects of sandbar openings on zooplankton richness were significant and had opposite effects during the two different trophic states. Species richness was consistently reduced by the sandbar opening in the high-nutrient period, [with a mean value of À0.387 (À0.400 to À0.374)], whereas it was slightly enhanced in the low-nutrient period [mean value of 0.058 (0.050 to 0.066)] (Fig. 2B) .
The flood pulse in Batata Lake significantly influenced the temporal variability in the zooplankton community (Fig. 2C) . In general, less temporal variability was observed in the low-water period in both natural and impacted areas resulting in negative effect sizes. This result indicates more stability in the zooplankton community in the low-water period, which was even more stable in the natural area [the mean value was À0.112 (À0.113 to À0.110)] when compared with the impacted one [whose mean value was À0.035 (À0.036 to À0.034)]. The period after sandbar opening in the Imboassica lagoon presented an overall lower temporal variability of the zooplankton community, resulting in negative effect sizes (Fig. 2D ). In the high-nutrient period, the average effect size was negative [the mean value was À0.029 (À0.145 to 0.087)] but not significantly different from zero. In the lownutrient period, the zooplankton density showed a significant trend of temporal stabilization after sandbar opening. In this period, the average effect size on zooplankton variability was À0.385 (À0.458 to À0.313).
The responses to the flood pulse in terms of the effect sizes of benthic invertebrate species richness were opposite in the Batata Lake areas (Fig. 2E ). In the low-water period, the species richness was higher in the natural area, resulting in significant and positive effect size [the mean value was 0.040 (0.035-0.045)]. By contrast, benthic invertebrate richness in the impacted area increased during the high-water period, which resulted in a significant and negative effect size [the mean value was À0.041 (À0.049 to À0.034)].
Benthic invertebrate species richness was significantly reduced by the sandbar opening in the Imboassica lagoon (Fig. 2F) . A larger negative effect in the high-nutrient period indicates a negative interaction between sandbar opening and trophic state. The average effect size on benthic richness was À0.210 (À0.226 to À0.195) and À0.121 (À0.126 to À0.115) in high-and low-nutrient periods, respectively.
There was a significant effect size of flood pulse on benthic invertebrate stability in Batata Lake (Fig. 2G) . The positive result indicates that density fluctuations of the benthic community were Average effect sizes (795% confidence intervals) for interactions between particular anthropogenic stressors and environmental drivers (bauxite tailings Â flood pulse for Batata Lake and nutrient loading Â sandbar opening for Imboassica lagoon) on zooplankton species richness (A, B), temporal stability of total zooplanktonic density (C, D), benthic invertebrate species richness (E, F) and temporal stability of total benthic invertebrates density (G, H). Confidence intervals that do not cross the x-axis depict that the local environmental driver had a significant individual effect on the magnitude and direction of change of a given variable. Effect sizes with non-overlapping confidence intervals between each other depict significant interactive effects of environmental variability and anthropogenic stressors on response variables. See text for details on how effect sizes were calculated.
less variable in the high-water-level period. The flood pulse effect size on benthic stability was significant but marginally higher in the natural area [a mean value of 0.082 (0.081-0.083)] when compared with the impacted one [whose mean value was 0.072 (0.071-0.073)]. The period before sandbar openings in the Imboassica lagoon presented a lower temporal variability of benthic invertebrate density fluctuations, resulting in positive effect sizes (Fig. 2H) . In the high-nutrient period, the effect size on benthic invertebrate stability was significantly higher [a mean value of 0.104 (0.102-0.105)] than in the low-nutrient period [whose mean value was 0.067 (0.065-0.069)].
Discussion
Ecosystem responses to environmental variability and human impacts interactions
In this work, our objective was to test if environmental variability could substantially alter the outcomes of human stressors on two Neotropical freshwater systems. To do so, we interpreted stressors as direct human perturbations, which are strong enough to alter myriad properties and processes of an ecosystem to levels far from those historically experienced by the system. This definition comprised a vast array of responses that a stressor could influence, and it was not restricted to the population level as in previous definitions of stressors (Vinebrooke et al. 2004 ). To our knowledge, this study was the first to explicitly test interactive effects between environmental variability and human impacts on the functioning of any Neotropical aquatic systems. In the broadest sense, our results indicated that independent of the ecosystem studied or the identity of stress involved, local environmental variability interactively affected the outcome of most variables analyzed. Interestingly, however, these interactions showed idiosyncratic responses in the way that they exacerbate, prevent, or reduce the effect of stressors.
At the Imboassica lagoon, factors driving nutrient dynamics differed when TN and TP concentrations were compared after sandbar openings in both trophic states (Fig. 1) . During the highnutrient phase, greater amounts of nitrogen were exported to the sea after a sandbar opening, but, during the same phase, phosphorus concentrations were enhanced in the water column, probably due to internal phosphorus loading (Carpenter et al. 1998) . At Batata Lake, the interactive effect between flood pulse and bauxite tailing disposal tended to increase both TN and TP concentrations in the water column, though TP concentrations were significantly lower in the impacted area (Fig. 1) . These complex interactive effects between environmental variability and stressor reflected by some abiotic variables may substantially affect nutrient availability and cycling via alterations in both absolute and relative nutrient concentrations. These kinds of interactions between stressors and ecosystem-level environmental drivers can directly or indirectly affect ecosystem properties such as primary productivity, food quantity, and quality as well as the physiology and performance of organisms (Odum 1985; Rapport et al. 1985; Schindler 1990; Rapport and Whitford 1999) .
Regardless of the ecosystem (i.e., the Imboassica lagoon or Batata Lake) and the identity of the stressor (i.e., eutrophication or bauxite tailing disposal), both zooplankton and benthic invertebrate richness were more negatively affected by local environmental variability in the presence of human-induced changes (Fig. 2) . Among the characteristics of an ecosystem that will likely influence its response to multiple stressors, spatial patterns, historical contingencies, and species sensitivity covariance to stressors may play an important role (Breitburg et al. 1998; Vinebrooke et al. 2004) . At the Imboassica lagoon, the increase in nutrient loading over the years and the unpredictable sandbar openings produced chronic and acute stressors that synergistically responded as a stronger negative effect on species richness of both benthic invertebrates and zooplankton. The chronic stress imposed by eutrophication may cause great changes in food availability and quality, which, through changes in biotic interactions, has important implications for species growth, survival and, ultimately, community structure and stability (Odum 1985; Vinebrooke et al. 2004) . Acute physiological responses, such as osmotic shock due to seawater intrusion, may also contribute to the decline of species richness (Remane and Schlieper 1972) . The independent ways in which sandbar openings and eutrophication may have affected communities in the Imboassica lagoon may be mediated by different mechanisms; so it is unlikely that the organisms present positive co-tolerance to both stressors (i.e., salinity increase and eutrophication), which can explain the observed strong negative responses of species richness to the interaction between the sandbar opening and eutrophication in the Imboassica lagoon.
At Batata Lake, floods tend to connect water bodies among distinct areas within the lake and across habitats that compose the floodplain systems (Thomaz et al. 2007 ). This characteristic has been shown to diminish negative effects of bauxite tailing disposal on species richness during the high-water periods by diluting inorganic suspended material concentration, decreasing the probability of sediment resuspension by wave action, and maximizing exchange of propagules, nutrients, and organisms among habitats (Bozelli 1992) . During the low-water periods, however, habitats are more isolated from each other and are subject to more restrictive local driving forces (Thomaz et al. 2007) . After isolation, the establishment of species depends on the identity of organisms transported during the last flood, on the competitive abilities of these organisms, and on their responses to the localized environmental characteristics. During the low-water periods at Batata Lake, the bauxite tailings have been shown to act as a more restrictive species environmental filter, modulating communities with low species richness and a high dominance of organisms with specific competitive abilities to cope with the stressor (Leal and Esteves 2000) . These results are in agreement with a general model proposed by Howarth (1991) , in which open aquatic ecosystems are hypothesized to be more resistant to a stressor than are isolated ecosystems.
The combined effects of environmental variability and anthropogenic stress had contrasting effects on both zooplankton and benthos community variability, and in most of the cases were not related to species richness responses (Fig. 2) . These results, at least in part, do not agree with the diversity-stability hypothesis, which predicts that higher species richness increases temporal community stability (Tilman 1996) . Such a pattern indicates that other particular aspects regarding species-stressor-environment interactions can modulate the community stability of aquatic communities. Two opposite explanations could underlie these observed contrasting results. First, greater species richness could promote stability: (1) if species differ in their susceptibility to interactions between stressors and environmental fluctuations, and (2) if species compete, density compensation after species loss is more likely in species-rich communities, where functional redundancy is higher (Tilman 1996; Vinebrooke et al. 2004) . Such positive effects of richness on community stability could explain the observed zooplankton patterns at the Imboassica lagoon, where a reduction on zooplankton species richness was related to an increase in zooplankton variability. Poorer communities, however, could achieve greater stability after being subjected to a stressor if the stressor promotes the occurrence of dominant species, which are less sensitive to variations in stressor magnitude altered by environmental fluctuations (Howarth 1991) . In this case, the ecological history of the system may play an important role. At Batata Lake, the habitat modification promoted by the bauxite tailing disposal creates a favorable site for the establishment of Ephemeroptera nymphs of Campsurus notatus. These nymphs dominate the community biomass in the impacted area, outcompeting other species during the whole year, even after flood pulse events (Leal and Esteves 2000) . Such a species might be acting as a disturbance-resistant species, which ultimately constrains the community density thereby, stabilizing the community throughout the flood periods.
Management consequences of interactions between environmental variability and human impact
The relationship between phosphorus availability and water quality is recognized as an important issue for inland aquatic ecosystem conservation (Carpenter 2005) . At the Imboassica lagoon, artificial sandbar openings have commonly been used to mitigate the effects of eutrophication (Palma-Silva et al. 2002; dos Santos et al. 2006) . Our results showed, however, that TP availability in the water column always increased after sandbar opening events and that the magnitude of such effect was still consistently enhanced by eutrophication processes (Fig. 1) . This pattern may be associated with interactive effects between the increasing phosphorus concentrations in lagoon's sediment, primarily driven by the increase of untreated sewage disposal during the last decade (Esteves 1998) combined with physical processes such as wave-mediated sediment resuspension, which are more pronounced in shallower water depths observed after sandbar openings (Palma-Silva et al. 2002) . Therefore, the expected outcome of sandbar opening in the Imboassica lagoon, treated here as an important source of environmental variability with potential implications for conservation management, can be altered after intense human-induced habitat degradation. This can make the use of sandbar opening as a mitigation procedure ineffective, and even deleterious.
Human-induced changes on natural systems can, however, be ameliorated by environmental variability. In Batata Lake, the effects of bauxite tailing disposal on aquatic systems are more evident through the reduction of water column transparency and the modification of sediment structure. Floods are important for the resilience of the system since they minimize the impact of bauxite tailings on turbidity by subsidizing allochthonous organic matter to the lake, which settles in the bottom of the system and accelerates the recovery of sediment structure (Callisto and Esteves 1996b; Leal and Esteves 2000) . In this case, restoration success strongly relies on the flood pulse, as it may provide increased habitat similarity between impacted and natural areas during floods (Thomaz et al. 2007 ).
Conclusion
Human activities expose ecological systems to a wide range of stressors, whose direct, indirect, and interactive effects can vary depending on systems, species, and stressor characteristics. Although the ''static'' effects of single stressors are relatively well studied in aquatic systems worldwide, understanding how their effects interact with natural environmental variability is still poorly understood (Breitburg et al. 1998) . Here, we show that the temporal changes that characterize dynamic natural systems also increase the unpredictability of the effects of even a single stressor, whereby the same stressor may have quite different effects depending on the dynamic state of system level processes and system functions analyzed. Although such findings are notable, the extent of our results underrepresents its complexity. For example, the uncertainty behind the outcome of human changes on natural ecosystems may become more severe along with broader and continental-scale threats predicted for the future. Broad-and continental-scale human-induced changes are expected to alter the natural variability of ecological phenomena. For example, climate change or alterations may change precipitation patterns, thereby altering the hydrological regime of aquatic ecosystems and additionally facilitating marine intrusions into coastal ecosystems due to the predicted scenario of increased sea level (Nicholls et al. 1999) . Particularly for the case of Neotropical countries all of these modifications may represent important ecological changes that may compromise key ecosystem properties, and especially the ecosystem goods and services such as fisheries they provide to local traditional populations. In this context, understanding the mechanisms of interaction between current human-mediated stressors and natural ecological drivers will be decisive for applying ecological knowledge in solving and predicting environmental problems related to aquatic inland ecosystems.
